On the nonlinear relationship between the initial rates of dilution-induced microtubule disassembly and the initial free subunit concentration.
We have examined the dilution-induced in vitro disassembly kinetics of bovine brain microtubules, initially at steady state, using a wider range of dilutions (2-100-fold) than previously employed. In contrast to earlier results, as well as to the simple nucleation-condensation model for microtubule formation, the initial rate of dimer loss from microtubule ends was not a linear function of the initial concentration of unpolymerized tubulin. Over a 2-20-fold dilution range, plots of the initial rate of dimer loss versus the initial unpolymerized tubulin concentration were approximately linear. However, at greater dilutions, rates of microtubule depolymerization increased nonlinearly. For example, between a 10-fold dilution and a 100-fold dilution, the initial rate of dimer loss for microtubule-associated protein-containing microtubules increased by 300%, rather than a maximum of 11% expected on the basis of a linear rate plot. The nonlinear response was observed for dimer loss from opposite microtubule ends separately and with microtubules containing and lacking associated proteins. Qualitatively similar results were obtained using a wide range of experimental protocols, from which we can reasonably exclude methodological artifact as a basis for the data. We can also reasonably exclude the dissociation of the high molecular weight microtubule-associated proteins 1 and 2 from the microtubules as an explanation for the nonlinearity of the rate plots. The nonlinearity of the rate plots indicates that kinetic constants obtained under nonsteady state conditions of extreme microtubule dilution may not describe the steady state condition accurately.